Abstract We study how endemic, native and introduced arthropod species richness, abundance, diversity and community composition vary between four different habitat types (native forest, exotic forest of Cryptomeria japonica, semi-natural pasture and intensive pasture) and how arthropod richness and abundance change with increasing distance from the native forest in adjacent habitat types in Santa Maria Island, the Azores. Arthropods were sampled in four 150 m long transects in each habitat type. Arthropods were identified to species level and classified as Azorean endemic, single-island endemic (SIE), native, or introduced. The native forest had the highest values for species richness of Azorean endemics, SIEs and natives; and also had highest values of Azorean endemic diversity (Fisher's alpha). In contrast, the intensive pasture had the lowest values for endemic and native species richness and diversity, but the highest values of total arthropod abundance and introduced species richness and diversity. Arthropod community composition was significantly different between the four habitat types. In the semi-natural pasture, the number of SIE species decreased with increasing distance from the native forest, and in the exotic forest the abundance of both Azorean endemics and SIEs decreased with increasing distance from the native forest. There is a gradient of decreasing arthropod richness and abundance from the native forest to the intensive pasture. Although this study demonstrates the important role of the native forest in arthropod conservation in the Azores, it also shows that unmanaged exotic forests have provided alternative habitat suitable for some native species of forest specialist arthropods, particularly saproxylic beetles.
Introduction
Humans are altering natural landscapes at an accelerating rate (Vitousek et al. 1997; Ramankutty and Foley 1999; Foley et al. 2005) . Large-scale transformation and clearing of land have put ecosystems and biodiversity at serious risk (Tilman et al. 2001) . The loss of natural habitats has led many species to become at risk of extinction (Pimm et al. 1995; Brook et al. 2003; Hanski et al. 2007 ) and some have claimed that habitat loss is causing a mass extinction of species (e.g. Myers 1992; Wilson 1992) . Due to the timelag between habitat loss and extinction (Janzen 1986; species will go extinct in the future as a result of land conversion that has already taken place (Tilman et al. 1994; Brooks and Balmford 1996; Brooks et al. 1997 Brooks et al. , 1999a Brooks et al. , b, 2002 Cowlishaw 1999; Grelle et al. 2005; Helm et al. 2006; Triantis et al. 2010) .
As natural habitats get increasingly fragmented by human activities, it is important to understand the effects of this fragmentation on the distribution and survival of species in order to inform conservation strategies. The importance of protected areas in the conservation of biodiversity has been generally accepted (Margules and Pressey 2000; Bruner et al. 2001) . This has been supported by classical ecological theories such as the theory of island biogeography Wilson 1963, 1967) and metapopulation dynamics (Hanski 1998) . However, these theories tend to view natural habitat patches as islands in a sea of uninhabitable matrix, which may be an unnecessarily pessimistic assumption in many cases (Bhagwat et al. 2008) . As a result, the conservation of species has focussed mainly on the establishment of protected areas and the landscape outside of reserves has often been overlooked (Ricketts 2001; Whittaker and Fernández-Palacios 2007; Wiens 2007; Bhagwat et al. 2008) .
Since further expansion of the existing network of protected areas might be constrained by competing claims for other land uses (Bhagwat et al. 2008) and their effectiveness in representing species diversity has been questioned (Rodrigues et al. 2004; Chape et al. 2005) , it is important to start understanding which habitats besides natural vegetation can support viable populations of species. Various recent studies have examined the role of the landscape surrounding reserves and have indicated the importance of high quality matrix environments in supporting biodiversity (Gascon et al. 1999; Ricketts 2001; Vandermeer and Carvajal 2001; Hughes et al. 2002; Perfecto and Vandermeer 2002; Sekercioglu et al. 2002; Watson et al. 2005; Bhagwat et al. 2008 ). This switch of attention away from fragments to the matrix has been referred to as 'countryside biogeography' (Daily et al. 2001 (Daily et al. , 2003 or 'reconciliation ecology' (Rosenzweig 2003) .
The Azorean archipelago has undergone drastic changes in land use since the first settlers arrived 600 years ago. Originally, the islands were covered mostly by Laurisilva forests. However, these have been reduced to small fragments restricted to higher altitudes (Borges et al. 2005a . The islands are now mainly occupied by non-native habitats, such as intensive pastures for cattle, areas for agricultural crop production, forest patches of exotic plant species, and abandoned agricultural land and pastures covered with invasive plants (Martins 1993) . Since further increasing the protected area network and the area of the native forest presents many practical challenges, it is important to understand how the changes in land use have affected the Azorean biodiversity, and which habitats outside the original native forest are able to support indigenous species.
This study investigates how changes in land use have affected endemic, native and introduced arthropod richness and abundance on Santa Maria Island in the Azores. Santa Maria is the oldest island of the Azores, dating back 8.12 Myr (Abdel-Monem et al. 1975) , which has resulted in higher numbers of endemic and native species compared to the other islands (Borges and Brown 1999; Borges and Hortal 2009 ). Arthropods were sampled using pitfall traps in four different habitat types (native forest, exotic forest, semi-natural pasture and intensive pasture) and classified as endemic (including the endemics from the target studied island, i.e. single-island-endemics-SIE), native nonendemic, or introduced. Native non-endemic species (''native'' for simplicity) arrived in the Azores naturally and occur outside of the Azores as well. Introduced species are species that have been brought to the Azores by human activities. Where there was doubt over the colonisation status of a species, it was classified as native. In this study the following hypotheses will be tested: (i) species richness, abundance and diversity are highest in the native forest and lowest in the intensive pasture for Azorean endemic and native species, (ii) they are highest in the intensive pasture and lowest in the native forest for introduced species; (iii) the community composition of arthropods is different between the four habitat types; and (iv) an increase in distance to the native forest will result in a decrease in endemic, SIE and native arthropod richness and abundance in the other habitat types.
Materials and methods

Study area
This study was conducted in the Azores, an archipelago of nine islands situated in the North Atlantic (Fig. 1a) . The islands are situated near the Mid-Atlantic Ridge and can be divided into three groups extending for 615 km: the western group (Flores and Corvo), the central group (Faial, Pico, São Jorge, Graciosa and Terceira) and the eastern group (São Miguel and Santa Maria). They are volcanic islands of recent origin, the youngest island is Pico (300,000 years) and Santa Maria is the oldest island (8.12 Myr) (Abdel-Monem et al. 1975; Borges and Hortal 2009) . Santa Maria covers an area of 97 km 2 and the highest point is Pico Alto, with an elevation of 587 m. The temperate oceanic climate is strongly influenced by the proximity of the ocean and is characterised by high levels of humidity and small temperature fluctuations throughout the year. The average temperature on Santa Maria ranges between 14.3 and 17.5°C, with lowest temperatures in February and highest temperatures in August (Borges and Brown 1999) . The average rainfall differs between the dry western part (752 mm year -1 ) and wet eastern part (1,386 mm year -1 ). January and February are generally the wettest months and August the driest (Borges and Brown 1999) .
The original natural vegetation of the island is Laurisilva forest, a sub-tropical evergreen broadleaf laurel type forest, which now only covers a small part of the island (Fig. 1b) . The small fragment of Laurisilva forest on Santa Maria covers about 9 ha ) and the overstorey consists of the broadleaf species Laurus azorica and Picconia azorica, the short-leaf species Erica azorica, and the shrub Vaccinium cylindraceum, all of them Azorean endemics. In addition, this small fragment is now being invaded by the exotic invasive plants Pittosporum undulatum and Hedychium gardneranum, which have both become abundant. The Laurisilva forests have been reduced since humans arrived on the islands in the fifteenth century. The rate of land conversion increased significantly after the Second World War, when the Government reforested parts of the islands with Cryptomeria japonica plantations and reinforced the development of cattleraising and great amounts of land were converted into pastures (Martins 1993) . The vegetation on Santa Maria is now dominated by exotic forest (Cryptomeria japonica, Eucalyptus spp., Acacia spp. and Pittosporum undulatum), semi-natural pasture (not stocked year-round and with relatively low levels of fertilisation and introduced grass species) and intensive pasture (stocked year-round and with high levels of fertilisation and introduced grass and legume species). Site selection On the island of Santa Maria, four sites were selected in each of the four main habitat types: native forest, exotic forest (Cryptomeria japonica plantations), semi-natural pasture and intensive pasture, resulting in a total of 16 sites (Fig. 1b) . The sites were selected so as to try and sample most of the island. However, the native forest is restricted to higher elevations in the central area of the island and reduced to a 9 ha fragment, whereas the intensive pastures tend to be located at lower elevations closer to the sea. The sites in the native forest of Pico Alto were sampled in August 1997 and June 2004 (Borges et al. 2005a; Gaspar et al. 2008) , and data were collected in the other three habitat types in June 2009 (Appendix 1).
Arthropod sampling
For the arthropod sampling the protocol followed since 1998 by Project BALA (see Borges et al. 2000 , 2005a ) was applied. At each site, 30 pitfall traps were used to capture arthropods along a transect of 150 m length. The pitfall traps were plastic cups with a top diameter of 42 mm and 78 mm deep. The traps were dug into the soil so that the rim of the cup was at the same level as the soil surface. Half of the traps were filled with 60 ml of an attractive solution (Turquin) and the other half with 60 ml of anti-freeze liquid with a small proportion of ethylene glycol. A few drops of liquid detergent were added to both solutions to reduce surface tension. A white plastic plate was placed 5 cm above the traps with two pieces of wire to protect the trap from rainfall. The traps were placed 5 m apart, starting the transect with a Turquin trap and alternating with ethylene traps. The traps were left in the field for 2 weeks and then the samples were taken to the laboratory. The specimens were sorted into morphospecies by para-taxonomists and then into species by a senior taxonomist (P. A. V. Borges). Due to non-availability of taxonomic expertise, Acari, Collembola, Hymenoptera and Diptera were excluded from this study. Based on expert opinions, the species were classified into three colonisation groups (see also Borges et al. 2005a) : endemic (including the single-island endemics, or SIE), native (i.e. native but non-endemic species) and introduced species.
Data analysis
To test the first hypothesis, species richness, abundance, dominance and diversity were compared between the four habitat types (native forest, exotic forest, semi-natural pasture and intensive pasture) for Azorean endemic, native, introduced and total species. Due to the low replication of transects (n = 4) within each habitat type, tests of normality could not be performed and the data were analysed using non-parametric Kruskal-Wallis tests in PASW Statistics 17. In transect T07 in the semi-natural pasture, 10 pitfall traps were lost as a result of trampling by cows, and therefore the abundance numbers in each transect were converted to average abundances by dividing the total abundance in the transect by the number of pitfall traps in that transect (20 traps for T07 and 30 for all other transects). It was assumed that the 20 pitfall traps in T07 were enough to give a representative number for species richness, diversity and dominance. The Berger-Parker Index was used as a measure of dominance and Fisher's Alpha as an indicator of diversity. The total number of species expected in each habitat type was calculated using a first-order Jack-knife estimator, selected because it is considered generally robust and insensitive to scale effects (see Hortal et al. 2006) . For each habitat type, the observed number of species was divided by the expected number of species to obtain a completeness index. A value above 0.75 is generally accepted as representing a complete sampling effort (see also Borges and Brown 2003) . Richness and abundance data for SIEs were also analysed with Kruskal-Wallis tests. SIEs are important species for conservation purposes since they are, by definition, restricted to Santa Maria Island.
Differences in species composition between the habitat types were compared with an analysis of similarities (ANOSIM) for Azorean endemic, native, introduced and total species composition to test the second hypothesis (Clarke 1993) . The R statistic value ranges between 1 and -1 and indicates the degree of difference between the groups, with a value of 1 signifying completely distinct communities. Detrended correspondence analyses (DCA) were carried out to illustrate the difference in species composition between the four habitat types for each group of Azorean endemic, native, introduced and total species (Oksanen and Minchin 1997) . A DCA was used to remove the arch effect that was observed when using a correspondence analysis (analysis not shown). The number of axis rescalings was four and rare species were not down-weighted. The ANO-SIM and DCA were carried out in Community Analysis Package 4.0 (Henderson and Seaby 2007) .
To assess the fourth hypothesis, that the increasing distance from the native forest results in a decrease in the richness and abundance of arthropod species in the adjacent habitat types, the distance to the native forest for each transect was correlated with the number of species and the number of individuals for Azorean endemic, SIE, native, introduced, and total species. The distance of each transect to the native forest was calculated using Google Maps. The intensive pastures were excluded from this analysis as they were not surrounding the native forest and were located at lower elevations. The data for the exotic forest and seminatural pasture were analysed together (eight sites) as well as separately (two groups of four sites). Non-parametric Spearman rank correlation (available in PASW Statistics 17) was used as the sample size was again too low to test for normality.
Results
In this study, a total of 12,513 arthropod specimens were identified to species level in the four habitat types on Santa Maria (see Appendix 2). These specimens belonged to 188 different species, of which 25 were considered endemic to the Azores (including 9 SIEs), 58 were native to the archipelago (excluding the endemics) and 105 were introduced species.
The species accumulation curves for each habitat type are starting to level off, with the intensive pastures closest to asymptote (Fig. 2a ). This indicates that most of the species that occur in this habitat type have been sampled in this study, while a small number remain to be recorded in the other habitats. The same pattern can be observed for the completeness index of each habitat type, which was over or almost at the 0.75 level, indicating that about enough species were sampled to get a representative assessment of the composition and relative richness of each habitat (Appendix 3).
Species richness, abundance and diversity
Total species richness and abundance were significantly different between the four habitat types on Santa Maria (Kruskal-Wallis test, H = 8.032, P = 0.045 for species richness; H = 8.316, P = 0.040 for species abundance, Table 1 ). Species richness differed significantly between the four habitat types for Azorean endemics, native and introduced species (Kruskal-Wallis test, H = 12.555, P = 0.006; H = 10.296, P = 0.016; H = 12.192, P = 0.007, respectively). As hypothesised, Azorean endemic and native species richness were both highest in the forest habitats (native and exotic forest) and lowest in the semi-natural and intensive pasture, while the number of introduced species was lowest in the native forest and highest in the intensive pasture ( Fig. 3 ). Total species abundance was highest in the intensive pasture and lowest in the native forest. The same trend was apparent when the species were separated into Azorean endemic, native and introduced species (Fig. 3 ), although these differences were not significant. Interestingly, when the species accumulation curves are plotted with all the species as one curve for each habitat type (Fig. 2b) , the curve for the native forest comes out below that of the two pasture types. However, when the same curves are plotted for just the indigenous species (so excluding the exotic species) the native and exotic forest come out above the curves for the pastures (Fig. 2c ). This indicates that the greater richness of the pasture sites is due to the non-natives and the curve levels when they are excluded.
Species dominance was significantly different between the four habitat types for Azorean endemic species (Kruskal-Wallis test, H = 10.579, P = 0.014), with the intensive pastures being most dominated by a few species and the native forest having the least dominance (Table 1) . Species diversity was not significantly different between the four habitat types for total species richness (KruskalWallis test, H = 7.013, P = 0.071), but did differ significantly for Azorean endemic, native and introduced species (Kruskal-Wallis test; H = 10.975, P = 0.012 for Azorean endemic species, H = 11.184, P = 0.011 for native species; and H = 12.044, P = 0.007 for introduced species). The native forest had the highest value of Fisher's alpha for Azorean endemic and native species, and the lowest for the intensive pasture. In contrast, introduced species diversity was highest in the intensive pasture, and lower in the forest habitats (Table 1) .
Single-island endemics
Of the 25 Azorean endemic species found in this study on Santa Maria, nine species are single-island endemics (SIEs), i.e. only found on Santa Maria (Table 2 ). The number of SIEs differed between the four habitat types (KruskalWallis test; H = 11.465, P = 0.009), with the highest number found in the native forest and none in the intensive pasture (Fig. 3) . The abundance of the singe-island endemics was also significantly different between the four habitat types (Kruskal-Wallis test; H = 11.921, P = 0.008). The average abundance was highest in the native forest (Fig. 3) , however, the highest abundance at transect level was recorded in one of the exotic forest transects, in which 145 individuals of the beetle Tarphius pomboi were found.
Species composition
In accordance with the third hypothesis, the total species composition of the arthropod communities was statistically different between the four habitat types (ANOSIM; Probabilities in bold are significant at P \ 0.05 R = 0.787, P = 0.001). The arthropod community in native forest has a larger proportion of Azorean endemic and native species compared to the other habitat types, whereas the semi-natural and intensive pasture have relatively more introduced species (Table 3 ). In addition, the species composition was also different between the four habitat types for the three species groups (ANOSIM; R = 0.823, P = 0.001 for Azorean endemic species; R = 0.597, P = 0.001 for native species; and R = 0.602, P = 0.001 for introduced species), suggesting that the four habitat types have different Azorean endemic, native and introduced species. All pairwise comparisons were significant as well, except for Azorean endemic species composition in natural forest vs. exotic forest (ANOSIM; R = 0.146, P = 0.157) and for introduced species composition in exotic forest vs. semi-natural pasture (ANO-SIM; R = 0.302, P = 0.1). The differences in species composition between the four habitat types were further supported by the detrended correspondence analysis (DCA). The ordination of the sites is a product of the distribution of species across the sites and the first two axes represent the two most prominent compositional gradients inherent to the data (Fig. 4) . For the Azorean endemic species, the habitat types were clearly clustered and each habitat type formed a separate group. For native and introduced species composition there was more overlap between the four habitat types, suggesting that these species are more uniformly spread. The first axis of the ordination separates the forests from the pastures for Azorean endemic, native and introduced species (eigenvalues axis 1: 0.965; 0.972 and 0.741, respectively). The second axis separates the native forest from the exotic forest (eigenvalues axis 2: 0.277 for Azorean endemic species; 0.519 for native species and 0.245 for introduced species, Fig. 4 ). From the 17 Azorean endemic species that are found in the native forest, nine species occur exclusively in the native forest and in none of the other habitat types (Table 3 ). This means that for at least 50% of the Azorean endemic species on Santa Maria, the native forest is the only place where they occur. The exotic forest has four out of 13 Azorean endemic species that are unique to this habitat type, whereas in the semi-natural pasture only one out of 8 Azorean endemics is restricted to this habitat type. There are three Azorean endemic species that occur on the intensive pasture, of which one is unique to this type of habitat. For the native species, nine out of 28 species found in the native forest were not found outside of this habitat type, which represents about one-third of the native species found in the native forest (Table 3 ). In the exotic forest, just one out of 27 native species seems to occur solely in this habitat type, whereas the semi-natural pasture has three out of 22 native species that are unique. Surprisingly, the intensive pasture is home to five native species that occur exclusively in this habitat type, which is more than one-fourth of the total of 22 native species found in the intensive pastures.
For the introduced species, there is an opposite trend (Table 3 ). The native forest has only six introduced species restricted to this habitat type out of a total of 32. In the exotic forest there is only one introduced species that does not occur in any of the other habitat types. The semi-natural pasture has seven out of 49 species that only occur in this habitat type. The intensive pasture has the highest proportion of unique introduced species, with 28 out of 67 species (40%) only occurring in this habitat type.
Distance from the native forest There was no significant correlation between the distance from the native forest and species richness and abundance when the exotic forest and semi-natural pasture were grouped together. However, when these two habitat types were analysed separately, there were some significant correlations that support the third hypothesis. In the seminatural pasture, the number of SIE species decreased with increasing distance from the native forest (Spearman correlation; r = -1, P \ 0.01; Fig. 5a ). For the exotic forest, the abundance of both Azorean endemics and SIEs decreased with increasing distance from the native forest (Spearman correlation; r = -1, P \ 0.01, Fig. 5b ).
Discussion
Our findings support the proposition that land use change has significantly affected arthropod species richness and abundance on Santa Maria. As hypothesised, the numbers of Azorean endemic and native species were highest in the native forest and they were lowest in the highly modified intensive pasture. In addition, the intensive pastures had the highest introduced species richness and abundance. Following some recent work confirming the relevance of native forests for the conservation of Azorean endemic arthropod biodiversity (e.g. Borges et al. 2005a Borges et al. , 2006 Ribeiro et al. 2005; Gaspar et al. 2008; Cardoso et al. 2009 ), our findings reinforce the important role of the native forest in arthropod conservation on the Azores, with 7 out of 9 sampled SIEs being found in the native forest and 50% of the sampled Azorean endemic species being confined to this habitat type. There seems to be a gradient of land-use change effects on arthropods, where an increase in land-use intensity results in more negative impact on the indigenous (i.e. endemic and/or native) arthropod community. These results are in agreement with other studies in the Azores (Borges and Wunderlich 2008; Cardoso et al. 2009 ) and elsewhere (Driscoll 2005; Schweiger et al. 2005; Jana et al. 2006; Rainio and Niemelä 2006; Acevedo and Restrepo 2008; Schmidt et al. 2008) , that have demonstrated negative effects of such land-use change for several taxa.
Although not as good habitat as the native forest, the exotic forest and semi-natural pasture performed better than the intensive pasture, which is in accordance with results obtained for Terceira Island (Cardoso et al. 2009 ). These two habitat types harboured higher numbers of Azorean endemics and native species and had a community composition more similar to the native forest compared to the intensive pasture. Similarly, other studies have found that habitat types other than pristine forest, such as agricultural fields and secondary forest can support certain species and help to maintain biodiversity (Burel et al. 1998; Toth and Kiss 1999; Grill et al. 2005) . Our results support the notion that the quality of the matrix is important in species conservation, as suggested by several other studies (Ricketts 2001; Vandermeer and Carvajal 2001; Perfecto and Vandermeer 2002; Watson et al. 2005; Prugh et al. 2008; Muriel and Kattan 2009) .
The community composition of the arthropods differed between the four habitat types, with higher proportions of Azorean endemics in the forest habitats and more introduced species in the pastures. This is in agreement with the third hypothesis. When clustering the four habitat types according to species composition for each colonisation group, the clustering was most clear for the Azorean endemic species, suggesting that the habitat types harboured different endemic species. The overlap in species composition was most obvious for introduced species, which indicates that introduced species are able to occupy several habitat types on the island and spread easily. In doing so, introduced species form one of the major threats to terrestrial biodiversity in the Azores (Martins 1993; Borges et al. 2006 .
Interestingly, the total abundance of Azorean endemic species was highest on the intensive pastures and not in the native forest, which is not in accord with the first hypothesis. However, this was almost entirely the consequence of the great abundance of one beetle species, Heteroderes azoricus, of which 868 individual specimens were collected in the intensive pastures. Of the eight Azorean endemic species occurring in the semi-natural pasture, the spider Pardosa acorensis was also highly abundant, a pattern found in most of the Azorean islands (see also Borges and Wunderlich 2008; Cardoso et al. 2009 ). The number of Azorean endemic species inhabiting the pastures is low, yet these two generalist species are able to maintain populations with higher abundances than most endemic species in the native forest. The same pattern was found in a recent study on Terceira Island in the Azores (Cardoso et al. 2009 ), where these two species were found in high numbers in the pastures as well. Similar to our findings, Azorean endemic and native species richness on Terceira were also highest in the native forest and the intensive pasture had the highest number of introduced species. Cardoso et al. (2009) conclude that these two habitat types are the main drivers of the species composition of a particular site, with semi-natural pastures and exotic forests functioning as 'connector habitats' between natural forests. However, in the case of Santa Maria, exotic Cryptomeria japonica plantations seem to have a quite different role, accumulating a high density of endemic saproxylic beetles (see also below).
In addition to the endemic abundant and widespread Heteroderes azoricus and Pardosa acorensis, other endemic species are particularly important in Santa Maria, notably the nine SIE species exclusive to Santa Maria. The semi-natural pastures harboured four SIEs (Tarphius pomboi, Tarphius rufonodulosus, Catops velhocabrali, Olisthopus inclavatus), three of which are saproxylic beetle species. The exotic forest is home to five SIE saproxylic beetle species (Tarphius serranoi, Tarphius pomboi, Tarphius rufonodulosus, Catops velhocabrali, Caulotrupis parvus), of which the species Tarphius pomboi was particularly abundant. This might be explained by the fact that this species feeds on wood-inhabiting fungi and is able to benefit from the decaying wood found in the exotic forest in Santa Maria, as has been shown for other saproxylic beetle species in northern Europe (Okland et al. 1996; Kaila et al. 1997; Martikainen et al. 2000; Jonsson et al. 2005) .
The fact that so many SIE forest-specialist beetles are found in both exotic forest and semi-natural pasture sites surrounding the native forest fragment of Santa Maria is a novel finding in the Azores. Patterns of endemic species distribution in other Azorean islands are not so positive, with most of the endemic species being restricted to native forest or having only sink populations in nearby human modified habitats (see . The management practices in Santa Maria in both exotic Cryptomeria japonica plantations and semi-natural pastures are obviously different compared to similar habitats on the other islands. In fact, particularly in C. japonica plantations, the management is less intensive or even almost absent, leading to a more diverse vegetation and high density of dead wood favourable for many dead-wood and fungi-eating endemic saproxylic beetles. The C. japonica plantations surrounding the Pico Alto native forest fragment were planted in the 1960s to catch water from the fog and improve water collection for human use. Consequently, the past and current management of these human-modified exotic forests has a positive effect on the diversity of endemic arthropods on Santa Maria. Despite the fact that Santa Maria has only 0.2% of the total area of native forest in the Azores , it is home to 57 endemic arthropod species (ATLANTIS database consulted in July 2009), which makes up 20% of the total number of Azorean endemic arthropod species. As such, Santa Maria can be considered as a 'hotspot' among the Azorean islands (see also Borges and Brown 1999; Borges et al. 2005a, b; Borges and Hortal 2009 ).
In accordance with the fourth hypothesis, our results showed also that with increasing distance from the native forest, the abundance of both Azorean endemics and SIEs decreased in the exotic forest and the number of SIE species decreased in the semi-natural pasture. Similar patterns of decreasing species numbers with increasing distance from natural forest have been found elsewhere (e.g. Klein et al. 2006) . This suggests that the favorability of these two habitats is not general within the island, since their ability to support arthropods important to conservation depends on where they are located relative to the native forest. In addition, it is not clear what will be the long-term management of the C. japonica plantations surrounding the Pico Alto native forest fragment, casting some doubts on the successful conservation of saproxylic invertebrates on this island.
This study has some important implications for conservation management activities on Santa Maria. We clearly demonstrated the importance and uniqueness of the native forest for arthropod conservation and recommend that efforts should be made to protect the small patches of native forest that are left on the island. This small area of native forest is critical for the conservation of both archipelagic and single-island endemic species (Borges et al. 2005a ). This study clearly showed that the exotic forest and semi-natural pasture are better habitats for these arthropods than the intensive pastures (see also Cardoso et al. 2009 ). Our results indicate that it would be better to replace disappearing native forest or abandoned fields with less intensively managed habitats such as exotic forest and semi-natural pasture, rather than intensive pastures (see also Cardoso et al. 2009 ), although conservation of the original habitats is of course by far the best option.
The species accumulation curves suggest that not all arthropod species that occur in the different habitat types have been sampled in this study, and this is particularly true for the native forest for which the accumulation curve is only just about to start levelling off. The latter is probably due to the fact that a lower number of individuals was captured in the native forest, but this should not be considered a bias. The fact that not all arthropod species have been sampled is not a problem for this study, as the aim was not to obtain a complete list of species for Santa Maria, but to compare arthropod species richness and abundance between the different habitat types. This finding does suggest that further sampling is likely to find more species on Santa Maria, especially in the native forest. Moreover, it is important that the arthropods on the Azores are the subject of long-term studies, as the effects of native habitat that has been lost already might become pronounced in the future. Due to this so-called 'extinction debt' (Tilman et al. 1994) , many more arthropods might be on the brink of extinction than current studies have shown (Triantis et al. 2010) .
Implications for the conservation of S. Maria endemic arthropods
A regional strategy for the long-term persistence of SIEs from S. Maria is needed. We suggest: (i) it is important to monitor the abundance of SIEs in the different habitats over the following decades following the Long-Term Ecological Research (LTER) strategy (see e.g. Pereira and Cooper 2006) ; (ii) removal of P. undulatum and other plant invaders and its progressive replacement by native woody species; (iii) in addition, pastures and forest plantations surrounding the small area on native forest at Pico Alto should retain their current low-intensity management in such a way that they will be able to support species that will otherwise be driven to extinction in the long term.
This study demonstrates that the matrix quality in the form of less intensive agricultural management is important for the conservation of rare endemic saproxylic invertebrates in the Azores. The studied native forest fragment and part of the surrounding area is now a protected area named as Santa Maria Park using the IUCN Protected Areas Management Categories System (see Borges et al. 2005a ). The Pico Alto area was classified as Category IV (protected area for the management of habitats and species), which implies some restrictions on human activities. Our results support the importance of maintaining the diverse matrix surrounding Pico Alto, to ensure the continuing availability of wood in several stages of decay, essential for saproxylic arthropods. Appendix 1
See Table 4 .
Appendix 2
See Table 5 . Appendix 3
See Table 6 . The expected number of species was calculated using a first-order Jack-knife estimator In the first column E endemic from the Azores, I introduced species, N native non-endemic. Land-uses are coded as follows: NF native forest, EF exotic forest, SNP semi-natural forest, IP intensive pasture
